Complications and medicolegal aspects of endoscopic sinus surgery
Valerie J Lund MS FRCS Anthony Wright DM FRCS Joannis Yiotakis MD SECTION OF LARYNGOLOGY & RHINOLOGY, 6 DECEMBER 1996 The intimate relationship of the sinuses to the orbit and anterior cranial fossa has always rendered sinonasal surgery a potent source of complications. Before the advent of endoscopic sinus surgery, antral washout and intranasal polypectomy featured prominently in the defence societies' reports and as early as 1929 Mosher regarded his own operation of intranasal ethmoidectomy as the 'easiest way to kill a patient'1'2. The use of the endoscope and computed tomographic (CT) scanning might have been expected to diminish these hazards but instead we have seen a series of high profile cases, notably from the USA. As a consequence, whilst the technique was enthusiastically adopted by a large proportion of the specialty, an impression arose in some minds that endoscopic sinus surgery was intrinsically dangerous3. Closer examination of the complications and the frequency with which they occurred does not support this contention. COMPLICATIONS Table 1 summarizes the wide range of complications associated with sinus surgery, but we must stress that these can occur irrespective of the surgical approach. In general, those with the greatest impact arise during the surgical procedure. With respect to the orbit, the earlier the onset of orbital symptoms postoperatively, the worse the loss of visual acuity and ultimate prognosis4; this was known before the advent of endoscopic sinus surgery. Delayed complications may be less devastating, but we should worry about the suggestion that, in the young, even limited endoscopic sinus surgery can affect facial development5. The concern is based largely on findings in animals such as the pig, which may not be a good model for human beings. A longitudinal study based on sequential photography of children and adolescents undergoing radical sinus surgery for neoplasia has not revealed any gross cosmetic deformity6. The issue of mucocele formation, due to scarring in the frontal recess, may be more difficult to resolve in the short term7 because of the time these lesions take to develop.
In all the major series of endoscopic, external and conventional intranasal ethmoidectomy, the incidence of major complications is remarkably small, constituting less than 1% (Tables 2 and 3) ; and it seems to be the increasingly litigious climate that has focused our attention on complications of endoscopic sinus surgery. Stankiewicz reported a major complication rate of 8% in 90 patients on whom he had performed endoscopic sinus surgerya complication rate that included cerebrospinal fluid (CSF) leaks, temporary blindness and significant haemorrhage19. Two years later he reported on his second cohort of 90 patients, of whom only 2 had experienced major complications20. He interpreted this as a learning curve, in which complications become less frequent with experience; but in the UK the risk of major complications seems greater after several hundred cases have been performed perhaps because the surgeons are then tempted to tackle more extensive disease and be more 'courageous'21. This study also confirmed the previous observation that nasal polyposis is the most complicationprone condition; the most frequent complication was a CSF leak. Another observation of interest from both intranasal ethmoidectomy and endoscopic sinus surgery is the rightsided predominance for complications, which may relate to the right-handedness of the surgeons or to anatomic variation.
AVOIDING COMPLICATIONS

Preoperative assessment
Clearly one should take a careful history to establish any intrinsic or acquired bleeding tendency which patients may not think to volunteer. Surgery for chronic rhinosinusitis and/or nasal polyposis should be undertaken only after an adequate course of medical therapy. This may include antibiotics, topical steroids or even short courses of oral steroids in selected cases of polyposis; when 'cure' is not effected, this will optimize the condition of the nasal mucosa before surgery. The visual status of the patient should also be checked before surgery and the discussion regarding possible results and outcomes should be formally noted.
Endoscopic examination
A careful outpatient endoscopic assessment of the nose, with and without decongestion, is fundamental to accurate diagnosis.
Preoperative imaging A preoperative CT scan is mandatory, at least in the UK, to define both the skeletal anatomy and the extent of disease. Magnetic resonance imaging is not an adequate substitute since bone is displayed only as a signal void and inflammatory disease will be overdiagnosed. When disease extends into the posterior ethmoids and sphenoid sinus, axial sections in addition to the normal coronal cuts are desirable22.
Peroperative management
Debate continues on the merits of local versus general anaesthesia. In the UK general anaesthesia continues to prevail because surgeons have not been persuaded of the 'safety' of local anaesthesia. Stankiewicz found no difference between the two in incidence of complications20. Either way, it is important to minimize bleeding for the best view. This can be achieved by 'Moffetting' the nose23, placing the patient in a reverse Trendelenburg position, using decongestants during the operation (e.g. ribbon gauze soaked in 1:1000 adrenaline applied to the surgical field) and inducing mild hypotension if appropriate. Instruments that incorporate suction devices can be helpful, particularly in revision surgery for diffuse polypoid disease, but are only complementary to a knowledge of the anatomy and to 423 scrupulous surgical technique. The use of angled endoscopes can lead to disorientation and should generally be reserved for work on the middle meatal antrostomy and the frontal recess.
Surgical technique
In the absence of surgical landmarks, because of disease and/or previous surgery, transgression of the sinus boundaries becomes more likely. This is particularly true when the middle turbinate has been radically resected. Under these circumstances early definition of the sphenoid via its natural ostium will provide the posterior and superior limits and allow the surgeon to follow the skull base forwards from its lowest point in the sphenoid sinus.
Similarly, the maxillary ostium should be located, to provide the lateral margin and indicate the position of the lamina papyracea. If doubt exists or bleeding obscures a clear view, surgery should be terminated forthwith. As a general principle, most of the middle turbinate should be preserved and the sphenoid should be opened through its natural ostium. The middle turbinate acts as a useful landmark and radical resection may lead to serious bleeding. The sphenoid ostium may be readily located under direct vision or by palpation of the anterior face of the sphenoid, a centimetre or so above the superior margin of the posterior choana and a few millimetres lateral to the septum, where it drains into the sphenoethmoidal recess. One can enter the sphenoid from the posterior ethmoid but this must be done through the most inferior and medial part of the ethmoidal cell to avoid damaging orbital structures. This approach does not respect natural mucociliary drainage into the spheno-ethmoidal recess. When the uncinate process is closely applied to the lateral wall of the infundibulum, retrograde or piecemeal removal of the uncinate is less likely to lead to penetration of the orbit than conventional infundibulotomy with a sickle knife, though care must be taken not to cut too far anteriorly, thereby damaging the nasolacrimal duct. Gentle pressure on the globe will often reveal any dehiscence in the lamina papyracea.
Finally, it is strongly recommended that at least some representative tissue, if not all, is sent for histology.
Training
The Royal Colleges of both England and Edinburgh have responded to public concern by developing guidelines and training workshops and courses in all aspects of minimal access therapy. The Edinburgh Surgeons produced the following five recommendations in 199324: * Surgery to be undertaken only after performing> 100 diagnostic nasal endoscopies * Cadaver dissection * Supervised surgery * Staged surgery * Dedicated follow-up clinics
The concept of staged surgery suggests limiting surgery initially to the anterior ethmoids, then progressing into the posterior ethmoids and sphenoid as skill increases and finally tackling the frontal recess. But one should not forget that the first incision of the infundibulotomy can lead to accidental orbital entry.
Accreditation
What about accreditation for individual operations? This has been uniformly opposed by the profession, which argues that our Higher Surgical Training ensures competence in all areas of the specialty. Although some have suggested lightheartedly that going on a course or doing cadaver dissection increases the chances of complications21, the general view is that attendance at recognized training sessions is a prerequisite for good practice. Eichel's comment in 1973 is still relevant today25.
The inability to execute a procedure properly because of a lack of training does not seem to be a fair argument in condemning a particular method.
WHAT TO DO IF A COMPLICATION OCCURS
The orbit
Orbital entry can occur with the first incision for uncinectomy and small abrasions to the lamina papyracea are not infrequent. If recognized, they cause no problems. The temptation to remove or push a prolapse of fat back into the orbit should be resisted and a small piece of Gelfoam or Surgicel can be placed over the area to minimize surgical emphysema or haematoma. The patient should be told not to blow the nose for 10-14 days.
More serious orbital entry may lead to direct haemorrhage with rapidly developing proptosis and loss of sight. This complication can also arise indirectly if there is damage to the ethmoidal artery and the bleeding vessel retracts into the orbit. The anterior ethmoidal artery is most frequently involved since it often runs in mucosa rather than bone across the anterior skull base-an area where surgery is often performed. Under these circumstances the orbit should be decompressed immediately since permanent visual damage occurs within 60-90min. Many papers describe the use of lateral canthotomy, parenteral steroids and diuretics such as acetazolamide but for practical purposes the most appropriate and rapid way to resolve matters is a surgical medial decompression. This may be undertaken externally or endoscopically, depending on the experience of the surgeon. The periosteum should be widely incised but no attempt should be made to find the bleeding vessel within the orbital structures.
The medial rectus muscle may also be damaged either directly or indirectly, since it runs very close to the most posterior ethmoidal cell; such damage may subsequently require intervention by ophthalmic surgeons.
Finally, the nasolacrimal duct may be damaged by overenthusiastic surgery anterior to the natural ostium of the maxillary sinus. Erroneous removal of maxillary bone (from the anterior part of the maxillary hiatus) in addition to the uncinate process with backbiting instruments may lead to crushing or transection of the duct. A formal dacryocystorhinostomy may be required.
Intracranial
The commonest complication reported in any series is a breach of the skull base, usually resulting in a CSF leak and/or occasionally a pneumoencephalocele or meningitis.
The CSF leak typically occurs from the medial ethmoidal roof at its junction with the vertical attachment of the middle turbinate. If recognized at surgery, sometimes by the 'washout' sign by which blood is washed away from the skull base by the CSF, the area can be closed primarily with one of several materials, of which mucosa from the middle turbinate is probably the best. Treatment with some form of packing (Whitehead's varnish would be our preference), a short period of bed rest, and antibiotics is generally thought sufficient in most cases. If the leak is not recognized until the postoperative period, there is a chance that it will close spontaneously; but most surgeons will feel they must intervene, sooner rather than later.
Haemorrhage
As well as from the anterior ethmoidal vessels, serious haemorrhage can arise from branches of the sphenopalatine artery. This complication is particularly associated with aggressive enlargement of the middle meatal antrostomy into the posterior fontanelle or radical removal of the middle turbinate, especially of the horizontal attachment. Although the sphenopalatine artery can be readily accessed endoscopically and Liga clipped, most cases are managed by temporary nasal packing; transfusion is seldom required. More catastrophic haemorrhage resulting in patient death has been described. Maniglia reported damage to an anterior cerebral artery3, and occasionally the internal carotid artery is penetrated in the sphenoid14. Packing and, if available, interventional radiology may salvage the situation.
ANATOMY
The sinonasal anatomy shows substantial normal variation and ethnic differences. The CT scan will provide this anatomical information and should always be available in theatre. The following five areas should be given special consideration:
The roof of the ethmoid is composed largely of hard frontal bone but there is a junction with a small vertical plate of ethmoid bone, extending superiorly from the vertical attachment of the middle turbinate and composing the lateral wall of the cribriform niche (Figure 1) . The niche can be of variable depth and has been classified into three forms26. The deeper the niche, the greater the vulnerable area through which the anterior cranial fossa can be entered. The level of the ethmoid roof is unequal in 12% of individuals and is more frequently lower on the right side27. The crista galli is usually midline but in cases of spontaneous CSF leak from the anterior skull base it is sometimes seen to be bent away from the side of the leak28. If this is seen on CT, the surgeon should be aware of the potential weakness at the base of crista galli.
Dehiscence in the lamina papyracea-The lamina papyracea can be extremely thin, particularly in the young and elderly. In addition, small idiopathic dehiscences are sometimes observed with no orbital symptoms or history of trauma (Figure 2 ). One study of 1024 CT scans suggests that idiopathic dehiscences may be as frequent as 6% and they can certainly lead to problems in the presence of extensive disease29.
Pneumatization of the orbital floor Extension of the anterior ethmoidal cells into the inferior orbital floor (Haller cells) can be quite disorienting when one performs uncinectomy. The relationship of the uncinate process to the nasolacrimal duct and medial orbital wall should be carefully noted. Particularly in the presence of a large concha bullosa or paradoxical middle turbinate where there is crowding ofthe middle meatus, the uncinate process may be closely applied to the lamina papyracea.
Optic nerve Pneumatization of the posterior ethmoid cells lateral to the sphenoid sinus (Onodi cells) usually renders the optic nerve extremely vulnerable. Onodi cells are said to be present in 10% of caucasian patients and may be even more common in a Chinese population where up to 26% of optic nerves have been found exposed within the posterior ethmoids and sphenoid (Figure 3 ). In addition the overlying bone can be very thin and dehiscent in 4-12% of cases30. Carotid artery The internal carotid artery is readily identified within the sphenoid though its degree of prominence is variable. A recognizable bulge is seen in Figure 2 Coronal computerized tomography scan showing idiopathic dehiscence of right lamina papyracea 80%31 and in 20% over half of the circumference presents in the cavity. The carotico-optic recess is therefore of variable depth. The bone again may be very thin and is reported as actually dehiscent in up to 22%32.
In 3-40%, bony septa have been described attached to the carotid bulb (Figure 4 ). This discrepancy in reported figures may relate to technique as some studies use CT appearances and others endoscopic findings. Previous surgery and disease can also distort anatomy and increase the risk of complications. A careful history, endoscopy and CT scanning will provide optimum information.
MEDICOLEGAL ASPECTS
The medicolegal situation has clearly changed since the 1950s when Lord Denning declared33:
Every surgical operation is attended by risks. We cannot take the benefit without taking the risks.
Since 1957 the Bolam test has generally applied, whereby a surgeon's actions are judged in the context of a responsible body of opinion of his peer group34. The Bolam test did not specifically relate to informed consent but was subsequently interpreted as so doing. In Chatterton versus Gerson 1981, Lord Bristow35 confirmed that the failure to obtain adequate consent was negligent: not only had there been a breach of duty to inform but also, had that duty not been broken, the plaintiff would not have gone ahead with the operation. Since the Sidaway case in 198536, the same duty of care has been deemed to exist with respect to consent as in other aspects of a doctor's work.
The informal 'rule of thumb' has been an obligation to discuss complications specific to a procedure which occur in> 1% of cases, but to describe any other complications which, though rarer, are so catastrophic that they might possibly deter a patient from undergoing the surgery. If the dictates of the Patient's Charter37 were adhered to, one wonders whether any surgery would ever be performed: Every citizen has the following established NHS rights: to be given a clear explanation of any treatment proposed including any risks and any alternatives, before you decide whether you will agree to the treatment.
Note, however, that the Patient's Charter is not law. At present we face an apparent and irreconcilable conflict between medical paternalism and patient autonomy. This might be resolved if the suggestion of published lists of recognized complications for correctly performed operations was taken up by the medical profession or associations38. Thus the chance of specific complications arising could form the basis of reasonable discussion. How does this apply to endoscopic sinus surgery? A discussion based on the CT scan seems a reasonable option where the proximity of the orbit and anterior cranial fossa can be demonstrated and the possibility of haemorrhage discussed. The precise detail, however, must devolve on the individual doctor and patient.
Senior colleagues who provide medicolegal advice to their professional societies in Belgium, France, Germany, Austria, Switzerland, the Netherlands, Sweden, Denmark and the UK have offered some interesting observations on the state of affairs in their own countries. There are clearly differences in the interpretation of 'informed consent', in terms of content and whether this should be verbal or in writing. Generally a consent form is not signed in France, Sweden or the Netherlands, though practitioners are advised to register in general terms in the notes that such a discussion took place. The amount of information provided ranges from relatively little to every specific and general complication. In Germany it is necessary to discuss not only the complications of the operation but rarities such as cardiac arrest due to the use of local anaesthesia and even the potential side-effects of a blood transfusion. Despite this variation, the representatives of all these countries, with the exception of France and Belgium, agreed that there was no evidence of an increase in complications directly related to endoscopic sinus surgery. Indeed there is some evidence from the UK, Germany and Austria that the incidence of complications is lower than with conventional antral washout and polypectomy, both of which are still a potent source of medical litigation39'40. But all countries reported an increasing interest in litigation by patients. CONCLUSION We live in a climate of increasing patient expectation and medicolegal activity. There are many ways in which we can minimize our liability and offer our patients optimum care. An endoscope does not make sinus surgery more or less dangerous; it is the surgeon who must recognize his or her own limitations and those of the technique. In endoscopic sinus surgery we are not usually dealing with lifethreatening disease and, unlike our general surgical colleagues who must produce a gallbladder at the end of a laparoscopic cholecystectomy, we have the enviable option of quitting the field whilst we are still 'ahead of the game'. Under these circumstances prevention is obviously better than cure and self-restraint better than an unforced error. As Socrates said4l: 'I know nothing except the fact of my ignorance'.
